No sand cushion vacuum preloading method is widely used in China's coastal areas, as the detection technology of the surface-layer improvement of the ultra-soft soil is not yet mature. In this paper, using the cone penetration test (CPT) to detect the improved ultra-soft soil based on one case in Zhejiang province in China. The result shows that the cone resistance peaks and sleeve friction peaks are formed due to the effect of the surface crust layer and a thin sand layer, which can provide to determine the boundary of soil layer and the soil thickness in combination with drilling. The permittivity can be used to judge the dry zone, the unsaturated zone and the saturated zone of the ultra-soft soil.
INTRODUCTION
The coastal areas in southeast Zhejiang in China have formed a lot of land space by reclamation, whereas the ground elevation which cannot satisfy subsequent requirements for factories, road and other constructions is low. One preferred solution is to fill the ground with the shallow marine mud from the nearby sea by one or more times. The traditional vacuum preloading method with sand cushion is not suitable for the filled ultra-soft soil, so no sand cushion technology is developed to meet the requirements of the reality [1] .
The CPT has been widely used as an important field test in geotechnical engineering where penetration is possible [2, 3, 4] . The CPT provides near-continuous test data to draw test curve and determine soil type and soil mechanical properties and analyze space changing law of soil. This paper tries to divide the soil layer and judge the aquifer of ultra-soft soil after vacuum preloading through the cone penetration test (CPT).
DESCRIPTION OF THE CASE
The case is located on one coastal area of east Zhejiang in China. The reclamation ground covers an area of 3500000m2. First, filling the reclaimed area with the sedimentary soil from the nearby sea. Then no sand cushion vacuum preloading method was applied to improve the ultra-soft soil. And the CPT was applied to detect the improvement effect of the ultra-soft soil after vacuum preloading treatment, and the permittivity of the ultra-soft soil is tested too.
DISTRIBUTION OF THE CONE RESISTANCE
The cone resistance and the sleeve friction are the basic parameters of the CPT, which is helpful to reveal the engineering properties of the tested soil. Figure 1 is a curve of the cone resistance with depth of the ultra-soft soil improved with the vacuum preloading. In Figure 1 , there are three peaks of the cone resistance, which are located at the depth of 0.04m, 2.72m and 5.26m respectively. The depth of 0.0m to 2.72m may be belong to one layer of the ultra-soft soil after vacuum preloading, and the depth of 2.72m to 5.26m may be belong to another layer of the ultra-soft soil after vacuum preloading, and the depth below 5.26m may be belong to the original soft soil foundation. The cone resistance is 80kPa at the surface. The cone resistance at the three peaks is 1.03MPa, 0.438MPa and 1.843MPa respectively. The cone resistance is gradually reduced from 265kPa to 78kPa at the depth of 0.38m down to 2.55m. At the depth of 2.88m down to 4.35m, the cone resistance is gradually reduced from 128.8kPa to 64.3kPa. While at the depth of 4.35m down to 5.07m, the cone resistance shows up and down, but the general trend is increased, and the cone resistance is from 64.3kPa up to 228.3kPa. Under the third peak, the cone resistance is undulating, which is the original soft soil foundation. Figure 2 is a curve of the sleeve friction with depth of the ultra-soft soil improved with the vacuum preloading. In Figure 2 , there are also three peaks of the sleeve friction like the cone resistance, which are located at the depth of 0.17m, 2.81m and 5.44m respectively. The first and second peak are obvious, and the third peak is not very obvious. The depth of 0.0m to 2.81m may be belong to one layer of the ultra-soft soil after vacuum preloading, and the depth of 2.81m to 5.44m may be belong to another layer of the ultra-soft soil after vacuum preloading, and the depth below 5.44m may be belong to the original soft soil foundation.
DISTRIBUTION OF THE SLEEVE FRICTION
The sleeve friction is 0kPa at the surface. The sleeve friction at the three peaks is 22.7kPa, 14.4kPa and 7.3kPa respectively. The sleeve friction is gradually reduced from 22.7kPa to 2.8kPa at the depth of 0.17m down to 2.59m. At the depth of 2.81m down to 4.36m, the cone resistance is gradually reduced from 14.4kPa to 2.0kPa. While under the depth of 4.36m, the sleeve friction is undulating. Figure 3 is a curve of the permittivity with depth of the ultra-soft soil improved with the vacuum preloading which reflecting the conductivity of the soil. The permittivity is at the range of 1.22 to 2.45 at the depth of 0m down to 0.46m, as the ultra-soft soil can be characterized as a dry situation. The permittivity is a constant 5.97 at the depth of 0.47m down to 0.52m and is at the range of 27.3 to 38.2 at the depth of 0.53m down to 1.03m, as the ultra-soft soil can be characterized as an unsaturated situation. And the ultra-soft soil can be characterized as a saturated situation below 1.04m. The permittivity and moisture situation of the soil are shown in table I.
JUDGE THE APUIFER BASED ON THE PERMITTIVITY
According to the excavation of the site, the underground water level is located at the ground below about 1m, which is consistent with the results of the permittivity. In saturated zone, the permittivity reflects the water content of the soil. The permittivity of the soil changes in the range of 26.9 to 36.2 at the depth of 3.11m down to 3.63m, where the water content of the soil is relatively small, Laboratory test results show that the water content is about 39.6%, and the borehole reveals a thin sand layer of 1-2cm thickness. And the water content is greater than the value in remaining measured points. 
THE THICKNESS OF THE IMPROVED ULTRA SOFT SOIL
According to the distribution of the cone resistance and sleeve friction as well as the drilling results, the layered characteristics of the fill can be recognized and the thickness of the ultra-soft soil can be deduced. There are three peaks in the cone resistance and sleeve friction along the depth, which may be the stratified boundary of the soil layer. According to the drilling, there is a thin sand layer of 1-2cm thickness near the second peak, so the second peak isn't a soil boundary. While the first peak is near the surface, it also isn't a soil boundary. So there is only one soil boundary, i.e. the stratified boundary of the soil layer is near the third peak.
The third peak of the cone resistance is located at the depth of 5.26m, and the third peak of the sleeve friction is located at the depth of 5.44m. Taking the average, so the depth of the stratified boundary of the ultra-soft soil is 5.35m. And the thickness of the ultra-soft soil is about 5.35m.
CONCLUSIONS
Following the analysis, there are some interesting things: Due to the effect of the ultra-soft soil surface crust layer, the undisturbed soft soil surface crust layer and a thin sand layer, three peaks of the cone resistance and sleeve friction are formed respectively. It can be used as the basis to judge the boundary of the soil layer and to deduce the thickness of the soil layer.
According to the detection result of the CPT and borehole, it can be obtained that the thickness of the ultra-soft soil after vacuum preloading is about 5.35m.
Based on the permittivity along the depth, the moisture situation of the soil can be judged. The analysis indicates that the dry zone is about within 0.5m at the
